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MAE 101 B. ADVANCED FLUID MECHANICS 
MIDTERM 1, 3:30PM – 4:50PM 

 
Guidelines: Solve only THREE problems among problems 1, 2, 3 and 4. Indicate in 
your answer book which THREE problems are to be graded. Solving all four 
problems won’t provide extra credit. Instead, you may solve the quick extra-credit 
question below for 10 points extra credit. Closed-book, closed-notes exam. Calculator 
is allowed. Give all formulae used in the solutions and explain your steps in each 
problem. 

 
Note: For simplicity, you are allowed to use 

!  

" = 3.14 , 

! 

g =10 m /s
2  in the numerical 

calculations of this midterm. 
 
 
QUICK EXTRA-CREDIT QUESTION (10 Points EXTRA CREDIT) 
 
A fluid of density ρ and viscosity µ flows in a circular pipe of constant diameter D at a 
volume rate Q. Using the mass conservation equation; express the average velocity V and the 
Reynolds number (Re) in terms of ρ, µ, Q and D. 
 
 
PROBLEM 1. (100/3 points) 
 
Water with constant density and viscosity (

! 

" =1000kg /m3 , 

!  

µ = 0.001kg /m "s ) flows 
through a rough-walled pipe of slowly decreasing diameter. The volume flow rate through the 
pipe is 

! 

Q = 3.14 "10
#5m3

/s. The height of the roughness elements is ε = 5 microns (1 
micron = 10-6 meters). 
 

a) At the entrance of the pipe the diameter is 

! 

D
1

= 0.8 m . 
I. Calculate the average velocity V and the Reynolds number Re in this section. Is 

the flow laminar or turbulent? 
II. Calculate the Darcy friction factor, f. 

 
b) At the exit of the pipe the diameter is 

! 

D2 = 0.001m .  
I. Calculate the average velocity V and the Reynolds number Re in this section. Is 

the flow laminar or turbulent? 
II. Calculate the Darcy friction factor, f. 

III. Use the previous result to calculate the friction velocity 

!  

u"  from the friction 
factor and V. 

IV. Use the previous result to calculate the friction Reynolds number based on the 
height of the roughness elements, 

! 

Re" . Is the flow hydraulically smooth, 
transitional or fully rough? 
 
 

PROBLEM 2. (100/3 points). 
 
The integral momentum equation in the overlap layer of a turbulent channel can be simplified 
as  

! 

" turb = #u"
2   (1) 

 
by neglecting the viscous shear stresses and the local distance to the wall, y, relative to the 
distance between the channel walls, 2h. A UCSD engineer wants to model the turbulence 
shear stresses using the following equation 



 

!  

" turb = µT

d u

dy
  (2) 

 
where 

!  

µT = A" u# y is a turbulent eddy viscosity and A is an unknown, non-dimensional 
constant. In order to test if the model is compatible with the logarithmic law, we will 
determine A as follows, 
 
a) Plug the logarithmic law  

! 

u

u"
=
1

#
ln(

y $ u"

%
) + B  

into the equation that defines the model for 

! 

"
turb

 (equation 2) to show that 

! 

" turb =
A
#
$u"

2 . 

b) Plug the expression for 

!  

"
turb

 obtained in (a) into momentum equation for the overlap 
layer (equation 1) to determine the value of A. 
 
 

PROBLEM 3. (100/3 Points) 
 
A UCSD student is drinking a glass of milkshake at a flow rate 

!  

Q = 3.14"10#5
m

3 /s with a 
straw of diameter 

! 

d =1cm and length 

!  

L = 30 cm . The bottom end of the straw is placed at a 
depth 

! 

h = 20cm  from the surface. The straw is inclined at an angle 

!  

" = 60o  from the 
horizontal. Assuming the milkshake to be an incompressible Newtonian fluid with density 

!  

" = 800 kg/m3  and viscosity 

!  

µ = 0.16 kg /m "s , the student wants to know the suction 
pressure difference 

! 

"p that he/she is applying at the top end of the straw.  
 

a) Use the mass conservation equation to calculate the Reynolds number as a function of 
Q, ρ, µ and D. Is this a laminar or a turbulent flow? 

b) Calculate the friction head loss in the straw. 
c) Use the energy equation between the milkshake – air interface at the top of the glass 

(section 1) and the top end of the straw (section 2) to calculate the suction pressure 
difference 

!  

" p = p
2
# pa  that the student is applying. Neglect all minor losses (i. e. at 

the entrance of the straw). Assume that the flow velocity in the glass is zero. 
 

 



PROBLEM 4. (100/3 points). 
 
A large tank of height h = 0.6 m is filled with water (

!  

" =1000 kg /m
3 ,

!  

µ = 0.001kg /m "s ). 
The tank is being emptied through a vertical pipe of length L = 1 m with relative roughness 

! 

" /D = 0.02 and diameter 

!  

D = 0.1m, at a flow rate 

! 

Q = 3.14"10#2
m

3 /s as shown in the 
figure. 

 
 

a) Calculate the average velocity V and the Reynolds number in the pipe using the mass 
conservation equation. Is the flow laminar or turbulent? 

b) Calculate the friction head loss 

! 

hf in the pipe. 
c) Write the energy equation between the free surface of water in the reservoir (section 

1) and the exit of the pipe (section 2). Include an unknown minor loss at the exit of 
the tank, 

! 

h
m

. Assume that the flow velocity in the reservoir is zero.  
d) Determine

! 

h
m

 and calculate the loss coefficient K. 
 
 


